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APPARATUS AND METHOD FOR WIRELESS 
COMMUNICATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the ben 
e?t of priority from prior Japanese Patent Application No. 
2008-248318, ?led Sep. 26, 2008, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to apparatus and 
method for Wireless communication in Which a plurality of 
streams are spatially multiplexed. 
[0004] 2. Description of the Related Art 
[0005] Media access control (MAC) is control Which is 
used for a plurality of communication apparatuses that share 
an identical medium to determine hoW to use the medium to 
transmit communication data. The MAC can eliminate a phe 
nomenon (so-called a collision) in Which a communication 
apparatus on the receiving side cannot demultiplex commu 
nication data even When tWo or more communication appa 
ratuses simultaneously transmit communication data using 
an identical medium. Also, the MAC can reduce a phenom 
enon in Which a medium is not used by any of communication 
apparatuses, although a communication apparatus having a 
transmission request exists. 
[0006] In Wireless communications, it is dif?cult for a com 
munication apparatus to monitor transmission data While 
transmitting data. Thus, MAC Which is not premised on col 
lision detection is required. IEEE802.ll as the typical tech 
nical standard of a Wireless LAN (Local Area Network) 
adopts CSMA/CA (Carrier Sense Multiple Access With Col 
lision Avoidance). 
[0007] In the CSMA/CA ofthe IEEE802.1 l, in a header of 
a MAC frame, a period (called a duration) until a series of 
sequences including one or more frame exchanges after that 
MAC frame is set. A communication apparatus Which is not 
related to the sequences in the duration and has no right of 
transmission Waits for transmission by determining a virtual 
occupation state of media. As a result, occurrence of collision 
is avoided. On the other hand, a communication apparatus 
Which has the right of transmission in the sequences recog 
niZes that the medium is idle except for a duration in Which the 
medium is actually occupied. 
[0008] The IEEE802. ll speci?es that the media state is 
determined by a combination of a virtual carrier sense of a 
MAC layer as the former case and a physical carrier sense of 
a physical layer as the latter case, and MAC is executed based 
on the media state. 

[0009] IEEE802.1 In, at present, speci?cations of Which 
are under development, plans to incorporate MIMO (Multiple 
Input Multiple Output) technique that increases the transmis 
sion speed using a plurality of transmission antennas and a 
plurality of reception antennas. 
[0010] Recent papers have discussed Multi User MIMO 
(MU-MIMO) that enhances the MIMO in the form of a com 
bination With SDMA (Spatial Division Multiplex Access). 
With MU-MIMO, for example, a base station simultaneously 
transmits independent MIMO streams (tWo streams from one 
base station to each of tWo terminals, i.e., a total of four 
streams) to a plurality of terminals not to interfere With each 
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other, or conversely, a plurality of terminals simultaneously 
transmit independent MIMO streams to a single base station. 

[0011] The CSMA/CA MAC of the IEEE802.1 1n permits 
only one-to-one communications betWeen Wireless commu 
nication apparatuses and cannot be compatible With MU 
MIMO. For example, a technique that combines CSMA-like 
MAC as in the IEEE802.11 and MU-MIMO, JP-A 2005 
192127 (KOKAI) is knoWn. 
[0012] The IEEE802.1 ln plans to increase to a maximum 
of four MIMO streams (4-stream multiplexing). In order to 
further increase the transmission speed and capacity more 
than the IEEE802.1 ln, increasing the multiplexing order of 
the MIMO can be one of choices due to limitations on the 
frequency band. HoWever, in consideration of limitations on 
the cost, consumption poWer, and siZe of a Wireless commu 
nication apparatus, not all apparatuses Which con?gure a 
netWork can alloW maximum MIMO multiplexing in many 
situations. In the conventional CSMA/CA, since it is deter 
mined that a medium is busy during a communication of an 
apparatus With a loW possible degree of multiplexing, the 
netWork communication capacity cannot be fully used even in 
a situation in Which another apparatus With a high possible 
degree of multiplexing further alloWs MIMO multiplexing 
(spatial division multiplex access). Therefore, a technique 
that can fully use the netWork communication capacity While 
alloWing the scalabilities (especially, different numbers of 
antennas in this case) of apparatuses according to service 
requests is demanded. For this purpose, it is proposed to apply 
the MU-MIMO to a Wireless LAN. 

[0013] Since a frequency band used in a Wireless LAN can 
freely use Wireless communication apparatuses Without any 
license unlike a cellular netWork that requires the license, it is 
dif?cult to control communications not to interfere With each 
other When a base station consolidates terminals. For this 
reason, a media access system that alloWs distributed control 
like the CSMA is preferable. 

[0014] Above mentioned JP-A 2005-192127 (KOKAI) 
partially achieves the above object, but it is insu?icient in 
points exempli?ed beloW. 
[0015] (l) The netWork communication capacity cannot be 
fully utiliZed When Wireless communication apparatuses hav 
ing various numbers of antennas exist. For example, it is 
required that the total number of antennas on the transmitting 
apparatus side is equal to or smaller than a minimum value of 
the number of antennas of the receiving apparatus. HoWever, 
even When this requirement is not satis?ed, the spatial divi 
sion multiplex access can often be implemented When, for 
example, the transmitting apparatus uses antennas that 
exceed the number of transmission streams as degrees of 
freedom used to remove an interference. 

[0016] (2) It has proposed that an idle OFDM subcarrier is 
assigned to a MIMO stream based on a certain rule so as to be 

used as a busy tone (signature signal). This alloWs to detect 
only an idle/busy status of a duration in Which a Wireless 
communication apparatus Which attempts to transmit a signal 
makes a carrier sense, but a future status is unknoWn. For this 
reason, even When transmission is started by determining 
“idle” at a certain instance, a combination of Wireless com 
munication apparatuses Which parallelly perform a transmis 
sion/reception during the duration in Which that transmission 
continues may be changed, and an interference may occur. 
Note that in the IEEE802.1 1, since no carrier sense is made 
When, for example, an ACK frame is transmitted in response 
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to a received DATA frame, such interference is more likely to 
occur When the transmission and reception sides are 
switched. 
[0017] (3) Since an idle OFDM subcarrier is assigned to a 
MIMO stream based on a certain rule so as to be used as a 

busy tone (signature signal), the number of available OFDM 
subcarriers decreases With increasing a maximum MIMO 
multiplexing order in a system. 

BRIEF SUMMARY OF THE INVENTION 

[0018] According to the ?rst aspect of the present inven 
tion, there is provided a Wireless communication apparatus 
comprising: a ?rst storage to store a ?rst number of streams 
Which are capable of being demultiplexed by the Wireless 
communication apparatus in present and future communica 
tions of a time series; a ?rst acquisition unit con?gured to 
acquire a second number of streams Which are capable of 
being demultiplexed by a ?rst Wireless communication appa 
ratus involved in the communications; a second acquisition 
unit con?gured to acquire a third number of sum of streams of 
communications at a time point of the time series performed 
by the Wireless communication apparatus and the ?rst Wire 
less communication apparatus; a second storage to store, if 
the ?rst number of streams exceeds the third number of 
streams, a difference betWeen the ?rst number of streams and 
the third number of streams as an alloWable number of 
streams; and a determination unit con?gured to determine 
that a Wireless medium is idle, in the case Where a fourth 
number of streams required for the Wireless communication 
apparatus to perform a neW communication is not more than 
the alloWable number of streams. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0019] FIG. 1 is a block diagram shoWing a Wireless com 
munication apparatus according to an embodiment; 
[0020] FIG. 2 is a vieW shoWing a physical frame; 
[0021] FIG. 3 is a vieW shoWing a request to send frame; 
[0022] FIG. 4 is a vieW shoWing a clear to send frame; 
[0023] FIG. 5 is a vieW shoWing a data frame; 
[0024] FIG. 6 is a vieW shoWing a Wireless communication 
apparatus netWork; 
[0025] FIG. 7 is a chart shoWing a frame exchange; 
[0026] FIG. 8 is a vieW shoWing the ?rst example; 
[0027] FIG. 9 is a vieW shoWing carrier sense state man 
agement (1) of the ?rst example; 
[0028] FIG. 10 is a vieW shoWing carrier sense state man 
agement (2) of the ?rst example; 
[0029] FIG. 11 is a chart shoWing another frame exchange; 
[0030] FIG. 12 is a vieW shoWing the second example; 
[0031] FIG. 13 is a vieW shoWing carrier sense state man 
agement (1) of the second example; 
[0032] FIG. 14 is a vieW shoWing carrier sense state man 
agement (2) of the second example; 
[0033] FIG. 15 is a chart shoWing still another frame 
exchange; 
[0034] FIG. 16 is a vieW shoWing the third example; 
[0035] FIG. 17 is a vieW shoWing carrier sense state man 
agement (1) of the third example; 
[0036] FIG. 18 is a vieW shoWing carrier sense state man 
agement (2) of the third example; 
[0037] FIG. 19 is a chart shoWing still another frame 
exchange; 
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[0038] FIG. 20 is a vieW shoWing the fourth example; 
[0039] FIG. 21 is a vieW shoWing carrier sense state man 
agement (1) of the fourth example; 
[0040] FIG. 22 is a vieW shoWing carrier sense state man 
agement (2) of the fourth example; 
[0041] FIG. 23 is a vieW shoWing a request to send frame of 
the conventional format; 
[0042] FIG. 24 is a vieW shoWing a clear to send frame of 
the conventional format; 
[0043] FIG. 25 is a chart shoWing still another frame 
exchange; 
[0044] FIG. 26 is a vieW shoWing the ?fth example; 
[0045] FIG. 27 is a vieW shoWing an HT control ?eld; 
[0046] FIG. 28 is a vieW shoWing a control Wrapper frame; 
and 
[0047] FIG. 29 is a vieW shoWing an example in Which a 
conventional Wireless communication apparatus and a Wire 
less communication apparatus according to the embodiment 
of the present invention time-divisionally coexist. 

DETAILED DESCRIPTION OF THE INVENTION 

[0048] Embodiments of the present invention Will be 
described hereinafter With reference to the draWings. 
[0049] Referring to FIG. 1, a Wireless communication 
apparatus includes antennas 1, a Wireless transmission/recep 
tion unit 2, baseband processing unit 3, media access control 
unit 4, link layer unit 5, TCP/IP layer unit 6, and application 
unit 7. This embodiment assumes a Wireless LAN speci?ed 
by the IEEE802.1 l, but the present invention can be carried 
out Without being limited to the IEEE802. 11 Wireless LAN. 
[0050] This embodiment assumes application of a 
so-called MIMO (Multiple Input Multiple Output) technol 
ogy, but an SISO Wireless communication apparatus can be 
used as long as it can coexist With a MIMO Wireless commu 
nication apparatus in a media access control system to be 
described beloW. When a Wireless communication apparatus 
can implement the MIMO, there is a plurality of antennas 1, 
but the numbers of transmission and reception antennas may 
be different. When a Wireless communication apparatus 
implements only the SISO, it may have only one antenna 1, 
but may have a plurality of antennas that can be sWitched for, 
e.g., space diversity use. 
[0051] The Wireless transmission/reception unit 2 can 
include a general arrangement (not shoWn) such as a sWitch 
used to sWitch connections betWeen the antennas 1 and trans 
mission unit/reception unit, transmission and reception band 
pass ?lters, a loW noise ampli?er for reception, a poWer 
ampli?er for transmission, a frequency conversion function 
betWeen the frequency handled by the baseband processing 
unit 3 and a Wireless frequency, analog-to-digital conversion 
for converting a received signal into a digital signal that can be 
handled by the baseband processing unit 3, and digital-to 
analog conversion for converting a digital transmission signal 
from the baseband processing unit 3 into an analog signal. 
Received poWer information by a received poWer measure 
ment unit 8 is used to control the gain of the loW noise 
ampli?er. Also, the received poWer information is input to a 
physical carrier sense unit 9 of the baseband processing unit 
3, and is used to determine Whether a medium is physically 
idle or busy. 
[0052] The baseband processing unit 3 includes a general 
arrangement (not shoWn) such as synchroniZation, a modula 
tion/ demodulation function, an interleaver/deinterleaver, 
encoder/ decoder, and scrambler/descrambler. 
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[0053] The physical carrier sense unit 9 determines, based 
on the received power information from the received poWer 
measurement unit 8 of the Wireless transmission/reception 
unit 2, and information for a frame length and modulation and 
coding schemes included in a physical layer header (see FIG. 
2), Whether a medium is idle or busy. The received poWer is 
used to determine instantaneous idle/busy information, but 
the information (the frame length and the modulation and 
coding schemes) in the physical layer header is used to deter 
mine Whether or not a continuous duration of a frame is busy. 
For example, determination may be made by a method 
described in the speci?cations of the IEEE802.11. Note that 
in this embodiment, even When the physical layer carrier 
sense determines “busy”, When the spatial division multiplex 
access based on the MIMO is further alloWed, a virtual carrier 
sense unit 15 may determine an idle medium, as Will be 
described later, and such determination result is different 
from the carrier sense result of the conventional IEEE802.1 l . 

[0054] A channel estimation unit 10 implements a function 
of estimating, based on a knoWn signal included in a preamble 
of a physical (PHY) frame (see FIG. 2), channel information 
betWeen a Wireless communication apparatus that transmitted 
the physical frame and the self Wireless communication appa 
ratus on the receiving side. Since the MIMO is assumed, the 
channel estimation unit 10 generally obtains matrix channel 
information betWeen antennas on the transmitting side and 
those on the receiving side. Also, the channel estimation unit 
10 implements a function of accumulating channel informa 
tion obtained previously, and searching for and using the 
accumulated information in response to a request. 

[0055] A spatial multiplexing/demultiplexing unit 11 mul 
tiplexes a plurality of transmission MIMO streams by giving 
appropriate Weights to them (also to prevent any forWard 
interference), or demultiplexes a received signal into indi 
vidual MIMO streams (also to remove an unnecessary inter 
ference signal). 
[0056] A transmission poWer control unit 12 controls the 
magnitude of transmission poWer in accordance With a 
request mainly from the media access control unit 4. For 
example, the transmission poWer control unit 12 appropri 
ately controls the gain of the poWer ampli?er in the Wireless 
transmission/reception unit 2 and pre-processing in the base 
band processing unit 3. 
[0057] The media access control unit 4 includes a transmis 
sion unit 13 Which executes transmission processing, a recep 
tion unit 14 Which executes reception processing, and the 
virtual carrier sense unit 15 Which determines an idle/busy 
status of a medium based on logical information exchanged 
by a media access protocol. 

[0058] The virtual carrier sense unit 15 includes a stream 
demultiplexing capacity acquisition/estimation unit 16, a 
number of streams acquisition/estimation unit 17, an alloW 
able number of streams calculation/storage unit 18, and a 
carrier state determination unit 19. The unit 16 acquires or 
estimates stream demultiplexing capacities of respective 
Wireless communication apparatuses involved in the present 
to future communications of a certain time series. The unit 17 
acquires or estimates the numbers of streams of communica 
tions made at respective time points of the time series. The 
unit 18 stores, When the stream demultiplexing capacity 
exceeds the number of streams during a given duration of the 
time series, their difference as the alloWable number of 
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streams. The unit 19 determines that a Wireless medium is in 
an idle state for transmissions Within a range of the alloWable 
number of streams. 
[0059] FIG. 2 shoWs an example of the format of a frame 
Which is transmitted from or received by the Wireless com 
munication apparatus according to this embodiment With the 
aforementioned arrangement. 
[0060] A PHY frame (or PPDU: PHY Protocol Data Unit) 
includes a preamble 20, physical layer header 21, and MAC 
frame (corresponding to a physical layer payload). The pre 
amble 20 is a knoWn signal used to establish synchronization 
of timings and frequencies, and to estimate a channel. In 
general, it is a common practice to make knoWn signals for 
channel estimation be orthogonal to each other by an arbitrary 
method, so as to independently estimate channels of respec 
tive antennas or respective MIMO streams (an antenna and 
MIMO stream often have a one-to-one correspondence, but 
three antennas may also transmit or receive tWo streams). The 
preamble 20 may have a con?guration as adopted in, e. g., the 
IEEE802.1 In. 

[0061] The physical layer header 21 mainly includes infor 
mation required to decode a MAC frame and, for example, 
information such as a frame length, modulation scheme, and 
coding scheme. These pieces of information are also used by 
the physical carrier sense unit 9 to determine a medium idle/ 
busy status, as described above. That is, the physical carrier 
sense unit 9 calculates a data rate based on the modulation 

scheme and coding scheme, and can determine, based on this 
data rate and the frame length, that a medium is busy during 
a duration time of a frame. 

[0062] The MAC frame (or MPDU: MAC Protocol Data 
Unit) includes a MAC layer header 22, MAC layer payload 
23, and FCS 24. As examples of the MAC frame, FIG. 3 
shoWs an example of the format of a request to send frame (to 
be referred to as an MU-RTS frame hereinafter) according to 
the present invention, FIG. 4 shoWs that of the format of a 
clear to send frame (to be referred to as an MU-CTS frame 
hereinafter) according to the present invention, and FIG. 5 
shoWs that of the format of a data frame (to be referred to as 
DATA frame hereinafter) according to the present invention. 
These frames are obtained by expanding an RTS frame, CTS 
frame, and DATA frame speci?ed by the existing IEEE802. l l 
to alloW to exchange information required for the present 
invention. Exchange of these frames, and use of respective 
?elds that con?gure each frame Will be practically explained 
in the folloWing embodiment. 
[0063] A requested number of streams ?eld 30 is set With a 
request value of the number of streams of a DATA frame 
Which is transmitted by a Wireless communication apparatus 
that transmits an MU-RTS frame after exchange of MU-RTS 
and MU-CTS frames, and is used to negotiate the number of 
streams With each other. A demultiplexing capacity ?eld 31 is 
used to notify another Wireless communication apparatus of 
the demultiplexing capacity of a Wireless communication 
apparatus itself Which transmits an MU-RTS, MU-CTS, or 
DATA frame. A channel state request ?eld 32 is used When a 
Wireless communication apparatus Which transmits an MU 
RTS frame requests a Wireless communication apparatus on 
the receiving side to return a channel state. A transmission 
poWer ?eld 33 is set With an MU-RTS transmission poWer 
value by a Wireless communication apparatus Which trans 
mits an MU-RTS frame, and is used to alloW a Wireless 
communication apparatus on the receiving side to estimate a 
transmission channel loss. A permitted number of streams 
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?eld 40 is used When a Wireless communication apparatus 
Which receives an MU-RTS frame and transmits an MU-CTS 
frame replies the number of streams, Which is equal to or 
smaller than the number of streams requested in the requested 
number of streams ?eld 30 in the MU-RTS frame and can be 
received by the self Wireless apparatus during a requested 
time period in consideration of surrounding communication 
circumstances. A channel state information ?eld 41 is used 
When a Wireless communication apparatus Which is requested 
to return a channel state and transmits an MU-CTS or DATA 
frame returns the channel state to a Wireless communication 
apparatus on the request side. Note that the channel state 
information ?eld 41 may include information that requests to 
return a channel state. A transmission poWer value part of a 
transmission/received poWer ?eld 42 is set With a transmis 
sionpoWer value of an MU-CTS or DATA frame by a Wireless 
communication apparatus Which transmits the MU-CTS or 
DATA frame, and is used to alloW a Wireless communication 
apparatus on the receiving side to estimate a transmission 
channel loss. A received poWer part of the transmission/re 
ceived poWer ?eld 42 is set With a received poWer value of a 
frame (e.g., MU-RTS frame) received just before by a Wire 
less communication apparatus Which transmits an MU-CTS 
or DATA frame, and is used to inform a Wireless communi 
cation apparatus on the receiving side and surrounding Wire 
less communication apparatuses of a transmission channel 
loss betWeen apparatuses. 
[0064] An acknowledgement frame (to be referred to as a 
BA frame hereinafter) can use a BlockAck frame speci?ed by 
the conventional lEEE802.11n. 
[0065] Referring back to FIG. 2, the MAC layer header 22 
includes a frame control ?eld including a protocol version, 
frame type, and other kinds of control information, a duration 
?eld indicating a scheduled duration in Which a medium is 
occupied, and information such as the addresses of Wireless 
communication apparatuses involved in transmission and 
reception, a service identi?er (BSSID) used to identify a 
group of Wireless communication apparatuses, the requested 
number of streams, the permitted number of streams, spatial 
multiplexing/demultiplexing capacity, a request of channel 
state information and a response of channel state information 
to that request, transmission poWer, and received poWer. 
[0066] The MAC layer payload 23 includes data in case of 
a data frame, but it does not often include any data, as exem 
pli?ed by a request to send frame and clear to send frame 
classi?ed as control frames. 

[0067] The FCS 24 includes CRC information calculated in 
association With the MAC layer header 22 and MAC layer 
payload 23 so as to detect errors Which may be generated in 
the MAC layer header 22 and MAC layer payload 23. When 
errors of the MAC layer header 22 and MAC layer payload 23 
are to be independently detected, independent CRC values 
may be calculated for them. 
[0068] Note that a plurality of MAC frames may be coupled 
to a single PHY payload like A-MPDU adopted in the 
lEEE802.11n. In this case, information required to demulti 
plex respective MAC frames is added in an appropriate for 
mat. 

[0069] Fields Which are added to RTS, CTS, and DATA 
frames of the conventional IEEE802.11 in association With 
the MU-RTS frame shoWn in FIG. 3, the MU-CTS frame 
shoWn in FIG. 4, and the DATA frame shoWn in FIG. 5 Will be 
brie?y described beloW. The requested number of streams 
?eld 30 is set With a request value of the number of streams of 
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a DATA frame Which is transmitted by a Wireless communi 
cation apparatus that transmits an MU-RTS frame after 
exchange of MU-RTS and MU-CTS frames, and is used to 
negotiate the number of streams With each other. The demul 
tiplexing capacity ?eld 31 is used to notify another Wireless 
communication apparatus of the demultiplexing capacity of a 
Wireless communication apparatus itself Which transmits an 
MU-RTS, MU-CTS, or DATA frame. The channel state 
request ?eld 32 is used When a Wireless communication appa 
ratus Which transmits an MU-RTS frame requests a Wireless 
communication apparatus on the receiving side to return a 
channel state. The transmission poWer ?eld 33 is set With an 
MU-RTS transmission poWer value by a Wireless communi 
cation apparatus Which transmits an MU-RTS frame, and is 
used to alloW a Wireless communication apparatus on the 
receiving side to estimate a transmission channel loss. The 
permitted number of streams ?eld 40 is used When a Wireless 
communication apparatus Which receives an MU-RTS frame 
and transmits an MU-CTS frame replies the number of 
streams, Which is equal to or smaller than the number of 
streams requested in the requested number of streams ?eld 30 
in the MU-RTS frame and can be received by the self Wireless 
apparatus during a requested period of time in consideration 
of surrounding communication circumstances. The channel 
state information ?eld 41 is used When a Wireless communi 
cation apparatus Which is requested to return a channel state 
and transmits an MU-CTS or DATA frame returns the channel 
state to a Wireless communication apparatus on the request 
side. Note that the channel state information ?eld 41 may 
include information that requests to return a channel state. A 
transmission poWer value part of the transmission/received 
poWer ?eld 42 is set With a transmission poWer value of an 
MU-CTS or DATA frame by a Wireless communication appa 
ratus Which transmits the MU-CTS or DATA frame, and is 
used to alloW a Wireless communication apparatus on the 
receiving side to estimate a transmission channel loss. A 
received poWer part of the transmission/received poWer ?eld 
42 is set With a received poWer value of a frame (e.g., MU 
RTS frame) received just before by a Wireless communication 
apparatus Which transmits an MU-CTS or DATA frame, and 
is used to inform a Wireless communication apparatus on the 
receiving side and surrounding Wireless communication 
apparatuses of a transmission channel loss betWeen appara 
tuses. 

[0070] Referring to FIG. 6, an example of a netWork con 
?gured by a plurality of Wireless communication apparatuses 
is shoWn. Assume that each of Wireless communication appa 
ratuses STA1, STA2, and STA5 has tWo antennas to have a 
spatial multiplexing/demultiplexing capacity up to a maxi 
mum of tWo streams. Assume that each of Wireless commu 
nication apparatuses STA3, STA4, and STA6 has four anten 
nas to have a spatial multiplexing/demultiplexing capacity up 
to a maximum of four streams. Assume that each of Wireless 
communication apparatuses STA7 and STA8 has one antenna 
to have a spatial multiplexing/demultiplexing capacity up to a 
maximum of one stream (or to have no spatial multiplexing/ 
demultiplexing capacity). 
[0071] Assume that each of Wireless communication appa 
ratuses STA9 and STA10 has six antennas to have a spatial 
multiplexing/demultiplexing capacity up to a maximum of 
six streams. 

[0072] On the other hand, a Wireless communication appa 
ratus STA11 is an apparatus based on the existing IEEE802. 
11n speci?cations, and has tWo antennas to have a spatial 
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multiplexing capacity up to a maximum of tWo streams. That 
is, the Wireless communication apparatus STA11 can transmit 
a maximum of tWo streams to one arbitrary Wireless commu 
nication apparatus, and can receive a maximum of tWo 
streams transmitted from one arbitrary Wireless communica 
tion apparatus. However, during the communication With a 
desired Wireless communication apparatus, the Wireless com 
munication apparatus STA11 does not have any function of 
canceling an interference from another apparatus or suppress 
ing a forWard interference to another apparatus unlike the 
Wireless communication apparatuses according to the 
embodiment of the present invention. 
[0073] Note that all the Wireless communication appara 
tuses may operate in a so-called ad-hoc mode in Which they 
serve as equal terminals or in an infrastructure mode in Which 
one of Wireless communication apparatuses serves as a base 

station to manage other Wireless communication apparatuses. 
This is the same case as that an IEEE802. 11 system as Well as 
a base station operates based on the media access control of 
the CSMA/CA. 
[0074] Assume that all the Wireless communication appa 
ratuses are ready to receive PHY frames transmitted by other 
Wireless communication apparatuses (in a situation in Which 
a Wireless medium is shared) in FIG. 6. In this situation, 
assume that the apparatus STA2 transmits a PHY frame 
including tWo streams to the apparatus STA1. In the normal 
CSMA/CA adopted in the conventional IEEE802.11, all 
other Wireless communication apparatuses determine that the 
medium is busy during the frame transmission, and cannot 
make any communications. HoWever, for example, using the 
spatial multiplexing/demultiplexing capacities of the appara 
tuses STA4 and STA3, the apparatus STA4 can concurrently 
transmit a PHY frame including tWo streams to the apparatus 
STA3 Without interfering With the STA2-STA1 communica 
tion. On the other hand, since the apparatuses STA5, STA7, 
and STA8 do not have suf?cient spatial multiplexing/demul 
tiplexing capacities, they cannot concurrently transmit 
frames Without interfering With the STA2-STA1 communica 
tion. Therefore, in this example, When the apparatus STA4 
attempts to transmit a frame to the apparatus STA3, it can 
recogniZe the medium as an idle state up to tWo streams, and 
the apparatuses STA5, STA7, and STA8 can recogniZe the 
medium as a busy state. When the media access control that 
can control transmission according to the idle/busy states can 
be implemented, the frequency use ef?ciency can be 
improved. 
[0075] Such method Will be described in detail beloW While 
giving examples. 
[0076] FIG. 7 shoWs an example of frame exchange to be 
discussed beloW. FIG. 8 shoWs the combination contents of 
assumed Wireless communication apparatuses and frame 
transmissions in association With the ?rst example in Which a 
plurality of Wireless communication apparatuses parallelly 
make communications. An overvieW of the sequence Will be 
explained here, and details of processes required in respective 
stages Will be described later. 
[0077] As shoWn in FIG. 7, the Wireless communication 
apparatus STA2 determines that the medium is idle, executes 
backoff processing, and then transmits a request to send 
frame MU-RTSl (multi-user request to send) to the Wireless 
communication apparatus STA1. When the Wireless commu 
nication apparatus STA1 determines that it can receive trans 
mission according to the requested contents, it returns a clear 
to send frame MU-CTSl (multi-user clear to send) to the 
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Wireless communication apparatus STA2. The Wireless com 
munication apparatus STA2 detects that the requested trans 
mission can be done, since it receives the frame MU-CTSl, 
and transmits a data frame DATA1 to the Wireless communi 
cation apparatus STA1. 

[0078] During transmission of the data frame DATA1, the 
Wireless communication apparatus STA4 detects that it can 
concurrently transmit up to tWo streams, based on the infor 
mation previously exchanged using the frames MU-RTSl 
and MU-CTSl and the spatial multiplexing/demultiplexing 
capacity of the self Wireless communication apparatus. In this 
case, When the Wireless communication apparatus STA4 also 
detects the spatial multiplexing/demultiplexing capacity of 
the Wireless communication apparatus STA3 in addition to 
the above information, it can more accurately determine 
Whether or not to alloW to transmit, but this knoWledge is not 
indispensable. 
[0079] The Wireless communication apparatus STA4 trans 
mits a request to send frame MU-RTS2 that requests to trans 
mit tWo streams to the Wireless communication apparatus 
STA3. When the Wireless communication apparatus STA3 
determines that it can receive transmission according to the 
requested contents, it returns a clear to send frame MU-CTS2 
to the Wireless communication apparatus STA4. The Wireless 
communication apparatus STA4 detects that the requested 
transmission can be done, since it receives the frame MU 
CTS2, and transmits a data frame DATA2 to the Wireless 
communication apparatus STA3. 

[0080] Upon completion of reception of the data frame 
DATA2, the Wireless communication apparatus STA3 trans 
mits an acknoWledgement frame BA2 (Block Ack) having the 
contents according to the reception result to the Wireless 
communication apparatus STA4. Note that transmission of 
the frame BA2 is controlled to start after completion of trans 
mission of the frame DATA1 and to end before completion of 
transmission of a frame BA1. On the premise of this control, 
the duration ?eld of the frame MU-RTS2 is set. This is 
required to determine Whether or not to complete the sched 
uled parallel transmission by the given spatial multiplexing/ 
demultiplexing capacity Without causing any interference. 
[0081] Upon completion of reception of the data frame 
DATA1, the Wireless communication apparatus STA1 trans 
mits an acknoWledgement frame BA1 (Block Ack) having the 
contents according to the reception result to the Wireless 
communication apparatus STA2. 
[0082] Information and the like required for the Wireless 
communication apparatus STA4 to make a carrier sense in 
case of the aforementioned operations Will be described 
beloW in association With carrier sense state management (1) 
of the ?rst example in Which a plurality of Wireless commu 
nication apparatus pairs parallelly make communications 
shoWn in FIG. 9, and carrier sense state management (2) of 
the ?rst example in Which a plurality of Wireless communi 
cation apparatus pairs parallelly make communications 
shoWn in FIG. 10. 

[0083] Although the operations of the related Wireless com 
munication apparatuses Will be explainedbeloW, since a char 
acteristic feature lies in the operation of the Wireless commu 
nication apparatus STA4 Which determines to start a 
communication parallel to a communication Which has 
already been started betWeen the Wireless communication 
apparatuses STA2 and STA1, and that of the Wireless com 
munication apparatus STA3 Which makes a communication 




































